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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve mold releasing 
property, wear resistance, and corrosion resistance of a metal 
mold for molding a golf ball to be used for molding a golf ball 
or a core of golf ball. 

SOLUTION: A coating film 4 consisting of an amorphous 
carbon hard film, i.e., amorphous diamond-like carbon is 
formed on a cavity surface of a metal mold body 2 for molding 
a golf ball. The coating film 4 consisting of the amorphous 
carbon hard film is of high hardness and excellent in surface 
smoothness, wear resistance, and chemical stability, and in 
addition, a low friction coefficient and has a lubricating effect. 
Consequently, by forming such amorphous carbon hard 
coating film 4 on the cavity surface, excellent mold releasing 
property, wear resistance and corrosion resistance can be 
obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The golf ball molding die characterized by forming in the mold cavity front face of a golf ball 
molding-die body the coat which consists of amorphous carbon hard film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is further explained in full detail about the golf ball 
molding die used for shaping of the core for a golf ball or golf balls, it relates to the golf ball molding 
die in which the coat for improvement in unmolding nature, abrasion resistance, and corrosion resistance 
was formed on the mold cavity front face. 
[0002] 

[Description of the Prior Art] Since the bad resin of unmolding nature is used by the former in shaping 
of the golf ball by compression molding or injection molding, or the core for golf balls, it is the purpose 
which cannot unmold the fabricated golf ball or core easily from metal mold, therefore gives unmolding 
nature to metal mold or the mold goods itself, and the approach shown below is taken from it. 

(1) How to carry out the spray of the release agents, such as silicon oil, to the mold cavity front face of 
metal mold. 

(2) The approach of presenting shaping by metal mold, after carrying out dipping of the release agent to 
the preforming article of a golf ball. 

(3) The approach of scouring a release agent to a golf ball or the molding resin of a core, and presenting 
shaping. 

[0003] 

[Problem(s) to be Solved by the Invention] However, there are the respectively following troubles in the 
above-mentioned approach, namely, the approach of (1) — (**) - (**) which a release agent is involved 
in into the resin of mold goods during shaping, and a defective may generate - whenever it fabricates 
once (Ha), the spray of the release agent must be carried out to metal mold, and it has the fault which 
will need to carry out washing removal of the release agent adhering to a mold-goods front face after 
shaping that a fabrication operation is complicated. When processes before shaping, such as a process 
which manufactures a preforming article before shaping, and a process which carries out dipping of the 
release agent to this, increase, it will be necessary to carry out washing removal of the release agent 
which adhered to the shaping postforming article front face like the approach of (1), and by the approach 
of (2), a production process makes it complicated. By the approach of (3), unmolding nature sufficient 
by just scouring a release agent for the interior of resin is not obtained, but other unmolding nature grant 
means, such as carrying out the spray of the release agent to metal mold after all, must be provided. 
[0004] On the other hand, forming various coats in the mold cavity front face of metal mold for the 
purpose which raises unmolding nature is proposed, as the example, it is shown in the following ** - ** 
— it is. 

** Form the layer of Ti compounds, such as TiN and TiC, in a mold cavity front face (JP,59- 17931 1,A). 

** Form a chromic-acid-ized coat in a mold cavity front face, and coat a fluororesin on this coat (JP,5- 
23403,A). 

** Form in a mold cavity front face the nickel-plating layer which deposited the fluorine system 
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macromolecule particle (JP,5-220241,A). 

** While forming a chrome plating layer in a mold cavity front face, infiltrate a fluorine system 
macromolecule particle into the crack section of the front face of this chrome plating layer (JP,5- 
228227,A). 

However, neither of the metal mold, the above-mentioned ** nor - **, was what fully satisfies 
unmolding nature, abrasion resistance, and corrosion resistance to coincidence. 
[0005] This invention was made in view of the above-mentioned situation, and aims at offering 
unmolding nature, abrasion resistance, and the golf ball molding die excellent in corrosion resistance all. 

[0006] 

[Means for Solving the Problem] This invention offers the golf ball molding die characterized by 
forming in the mold cavity front face of a golf ball molding-die body the coat which consists of 
amorphous carbon hard film in order to attain the above-mentioned purpose. 
[0007] The coat which consists of amorphous carbon hard film is a high degree of hardness, when 
excelled in surface smooth nature, abrasion resistance, and chemical stability, its coefficient of friction is 
small, and it has the lubrication effectiveness. Therefore, the metal mold of this invention in which the 
amorphous carbon hard film to apply was formed on the mold cavity front face shows the outstanding 
unmolding nature, abrasion resistance, and corrosion resistance. 

[0008] The golf ball molding die of this invention forms in the mold cavity front face of the body 2 of 
metal mold the coat 4 which consists of amorphous carbon hard film, as shown in drawing 1 . In 
addition, six in drawing is the heights for dimple formation formed in the mold cavity of metal mold. 
[0009] As a body 2 of metal mold, anythings, such as iron formed by electroforming, the high pre 
JISHON method, casting, etc., a product made from a copper alloy, a product made from stainless steel, 
a product made from nickel, and a product made from zinc dies casting, can be used. Moreover, in order 
to form in the mold cavity front face of the body 2 of metal mold the coat 4 which consists of 
amorphous carbon hard film good, pretreatment of arbitration, substrate formation, etc. can be 
performed. 

[0010] In this invention, the amorphous carbon hard film means the film which consists of diamond-like 
carbon (it omits Following DLC). It is the amorphous hard carbon film whose DLC film is not 
crystallinity to the diamond film being crystalline hard carbon film. Although the DLC film is inferior to 
the diamond film in respect of a degree of hardness, it excels the diamond film in smooth nature and 
lubricity. In addition, although the DLC film also has the case of only amorphous structure, it may 
consist of amorphous structure and diamond structure. The DLC film usually forms the alloy with 
hydrogen in presentation, and hydrogen concentration is 0 - 40at.% extent. Moreover, as the electronic 
structure, the carbon in the DLC film is mainly combined by sp3. 
[0011] 

[Embodiment of the Invention] In this invention, what has the following property is mentioned, for 
example as amorphous carbon hard film (DLC film) formed in a mold cavity front face, 
crystal structure: - amorphous — coupling-case :sp3 subject consistency: — three (g/cm3) or less 
Micro Vickers hardness (load 1 Ogf): 2000-5000 (kgf/mm2) 

content hydrogen concentration: ~ 0 - 40at.% morphology: ~ very smooth - [0012] The dry process of 
the CVD method or vacuum deposition using the plasma-CVD method using glow discharge, the ion 
plating method or the sputtering method, the vacuum deposition using an ion beam or the sputtering 
method, and laser can perform formation of the amorphous carbon hard film on a mold cavity front face 
by using the gas containing carbon, such as a hydrocarbon, alcohol, an acetone, a carbon monoxide, and 
a carbon dioxide, solid graphite (graphite), etc. as the main raw material. 

[0013] For example, it is the approach of plasma CVD making the plasma state the introduced reactant 
gas, making generate activity radical and ion, making perform a chemical reaction under an activity 
environment, and forming a thin film on a substrate (metal mold) at low temperature, and a pressure is 
about l-100Pa. In this case, the plasma used for plasma CVD can be generated by a direct current (DC), 
the RF (RF), or microwave discharge. 
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[0014] When forming the amorphous carbon hard film in a mold cavity front face, membranes are 
formed controlling the various parameters which affect a membranous property. For example, in RF 
plasma CVD, as a parameter which affects a membranous property, RF power, substrate bias, gas supply 
volume, exhaust velocity, gas pressure, the energy of ion, substrate temperature, etc. are mentioned, and 
the amorphous carbon hard film of a desired property can be obtained by forming membranes, 
controlling these parameters. 

[0015] Especially although there is especially no limitation in the thickness of the amorphous carbon 
hard film formed in a mold cavity front face, 0.001-20 micrometers of things set to 1-5 micrometers are 
suitable. When thinner than 0.001 micrometers, unmolding nature (mold-release characteristic) may 
worsen, and the endurance of the hard film may be missing. If thicker than 20 micrometers, it will 
become easy to produce a crack with the internal stress of the hard film. 

[0016] The golf ball molding die of this invention is used for manufacture of the core for a golf ball or 
golf balls, i.e., covering of covering of a two-piece ball or a three-piece ball, manufacture of the core of 
a two-piece ball or a one-piece ball, manufacture of the solid core of a three-piece ball, etc., and can be 
used for both compression molding and injection molding. 
[0017] 

[Example] Next, although an example shows this invention concretely, this invention is not limited to 
the following example. 

[0018] The golf ball molding-die body made from nickel was manufactured with electroforming, the 
amorphous carbon hard film (DLC film) was formed in the mold cavity front face of this body of metal 
mold with the CVD method, and the golf ball molding die of this invention was obtained. The contents 
of CVD and the description of the obtained amorphous carbon hard film, and a property are shown 
below. 

[0019] The mixed gas of CVD methane and hydrogen was made into material gas, and membranes were 
formed with the CVD method. Substrate (metal mold) temperature was made into 200 degrees C. 
[0020] The description of the amorphous carbon hard film, a property crystal-structure:amorphous 
thickness:3 micrometer consistency: About 2.0 (g/cm3) 

Dynamic friction coefficient muk (load 20gf) k (load 100gf)::0.03 dynamic-friction-coefficient mu0.14 
coefficient-of-static-friction mus (load 20gf) :0.12 coefficient-of-static-friction mus(load 100gf):0.31 
micro Vickers hardness (load lOgf): 1800 (kgf/mm2) 

Abrasion resistance: As a result of performing a SUGA abrasion test in load 800gf, using SiC#600 as 
the abrasive paper, the abrasion loss of the amorphous carbon hard film was about 56% of TiN about 
23% of nickel-Cr plating about 16% of SUS304. 

morphology: — very smooth - chemical-resistantacid, alkali, and an organic solvent - insoluble color: - 
- black [0021] The following shaping was performed using the golf ball molding die of this invention 
produced as mentioned above. 

(a) Covering which uses ionomer resin as a principal component with compression molding at a core 
was covered, and the two-piece ball was manufactured. 

(b) Covering which uses ionomer resin as a principal component with injection molding at a core was 
covered, and the two-piece ball was manufactured. 

(c) Covering which uses balata as a principal component with compression molding at a core was 
covered, and the three-piece ball was manufactured. 

(d) The core of the two-piece ball which uses polybutadiene rubber as a principal component with 
injection molding was manufactured. 

(e) The solid core of the three-piece ball which uses polybutadiene rubber as a principal component with 
injection molding was manufactured. 

[0022] Consequently, unmolding nature good in any case was shown. Moreover, after repeating shaping 
about 100 times, when the condition of the amorphous carbon hard film on the front face of a mold 
cavity was investigated, neither wear nor corrosion was produced but it was checked that the abrasion 
resistance of the amorphous carbon hard film and corrosion resistance are good. 
[0023] 
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[Effect of the Invention] As explained above, the golf ball molding die of this invention is excellent in 
unmolding nature, abrasion resistance, and corrosion resistance all Therefore, whenever it fabricates, it 
is not necessary to carry out the spray of the release agent or, and it is not necessary to scour an internal 
release agent to shaping resin, and, according to the metal mold of this invention, there is also no need 
that a golf ball is washed and a release agent is removed after shaping. Moreover, since it excels in the 
abrasion resistance of a mold cavity side, and corrosion resistance, metal mold can be used, without 
maintaining over a long period of time. 
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JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] When this invention is further explained in full detail about the golf ball 
molding die used for shaping of the core for a golf ball or golf balls, it relates to the golf ball molding 
die in which the coat for improvement in unmolding nature, abrasion resistance, and corrosion resistance 
was formed on the mold cavity front face. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Since the bad resin of unmolding nature is used by the former in shaping 
of the golf ball by compression molding or injection molding, or the core for golf balls, it is the purpose 
which cannot unmold the fabricated golf ball or core easily from metal mold, therefore gives unmolding 
nature to metal mold or the mold goods itself, and the approach shown below is taken from it. 

(1) How to carry out the spray of the release agents, such as silicon oil, to the mold cavity front face of 
metal mold. 

(2) The approach of presenting shaping by metal mold, after carrying out dipping of the release agent to 
the preforming article of a golf ball. 

(3) The approach of scouring a release agent to a golf ball or the molding resin of a core, and presenting 
shaping. 

[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the golf ball molding die of this invention is excellent in 
unmolding nature, abrasion resistance, and corrosion resistance all. Therefore, whenever it fabricates, it 
is not necessary to carry out the spray of the release agent or, and it is not necessary to scour an internal 
release agent to shaping resin, and, according to the metal mold of this invention, there is also no need 
that a golf ball is washed and a release agent is removed after shaping. Moreover, since it excels in the 
abrasion resistance of a mold cavity side, and corrosion resistance, metal mold can be used, without 
maintaining over a long period of time. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there are the respectively following troubles in the 
above-mentioned approach, namely, the approach of (1) - (**) - (**) which a release agent is involved 
in into the resin of mold goods during shaping, and a defective may generate whenever it fabricates 
once (Ha), the spray of the release agent must be carried out to metal mold, and it has the fault which 
will need to carry out washing removal of the release agent adhering to a mold-goods front face after 
shaping that a fabrication operation is complicated. When processes before shaping, such as a process 
which manufactures a preforming article before shaping, and a process which carries out dipping of the 
release agent to this, increase, it will be necessary to carry out washing removal of the release agent 
which adhered to the shaping postforming article front face like the approach of (1), and by the approach 
of (2), a production process makes it complicated. By the approach of (3), unmolding nature sufficient 
by just scouring a release agent for the interior of resin is not obtained, but other unmolding nature grant 
means, such as carrying out the spray of the release agent to metal mold after all, must be provided. 
[0004] On the other hand, forming various coats in the mold cavity front face of metal mold for the 
purpose which raises unmolding nature is proposed, as the example, it is shown in the following ** - ** 
~ it is. 

** Form the layer of Ti compounds, such as TiN and TiC, in a mold cavity front face (JP,59- 17931 1,A). 

** Form a chromic-acid-ized coat in a mold cavity front face, and coat a fluororesin on this coat (JP,5- 
23403,A). 

** Form in a mold cavity front face the nickel-plating layer which deposited the fluorine system 
macromolecule particle (JP,5-220241 ,A). 

** While forming a chrome plating layer in a mold cavity front face, infiltrate a fluorine system 
macromolecule particle into the crack section of the front face of this chrome plating layer (JP,5- 
228227,A). 

However, neither of the metal mold, the above-mentioned ** nor - **, was what fully satisfies 
unmolding nature, abrasion resistance, and corrosion resistance to coincidence. 
[0005] This invention was made in view of the above-mentioned situation, and aims at offering 
unmolding nature, abrasion resistance, and the golf ball molding die excellent in corrosion resistance all. 
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MEANS 



[Means for Solving the Problem] This invention offers the golf ball molding die characterized by 
forming in the mold cavity front face of a golf ball molding-die body the coat which consists of 
amorphous carbon hard film in order to attain the above-mentioned purpose. 
[0007] The coat which consists of amorphous carbon hard film is a high degree of hardness, when 
excelled in surface smooth nature, abrasion resistance, and chemical stability, its coefficient of friction is 
small, and it has the lubrication effectiveness. Therefore, the metal mold of this invention in which the 
amorphous carbon hard film to apply was formed on the mold cavity front face shows the outstanding 
unmolding nature, abrasion resistance, and corrosion resistance. 

[0008] The golf ball molding die of this invention forms in the mold cavity front face of the body 2 of 
metal mold the coat 4 which consists of amorphous carbon hard film, as shown in drawing 1 . In 
addition, six in drawing is the heights for dimple formation formed in the mold cavity of metal mold. 
[0009] As a body 2 of metal mold, anythings, such as iron formed by electroforming, the high pre 
JISHON method, casting, etc., a product made from a copper alloy, a product made from stainless steel, 
a product made from nickel, and a product made from zinc dies casting, can be used. Moreover, in order 
to form in the mold cavity front face of the body 2 of metal mold the coat 4 which consists of 
amorphous carbon hard film good, pretreatment of arbitration, substrate formation, etc. can be 
performed. 

[0010] In this invention, the amorphous carbon hard film means the film which consists of diamond-like 
carbon (it omits Following DLC). It is the amorphous hard carbon film whose DLC film is not 
crystallinity to the diamond film being crystalline hard carbon film. Although the DLC film is inferior to 
the diamond film in respect of a degree of hardness, it excels the diamond film in smooth nature and 
lubricity. In addition, although the DLC film also has the case of only amorphous structure, it may 
consist of amorphous structure and diamond structure. The DLC film usually forms the alloy with 
hydrogen in presentation, and hydrogen concentration is 0 - 40at% extent. Moreover, as the electronic 
structure, the carbon in the DLC film is mainly combined by sp3. 
[0011] 

[Embodiment of the Invention] In this invention, what has the following property is mentioned, for 
example as amorphous carbon hard film (DLC film) formed in a mold cavity front face, 
crystal structure: - amorphous — coupling-case :sp3 subject consistency: - three (g/cm3) or less 
Micro Vickers hardness (load lOgf): 2000-5000 (kgf/mm2) 

content hydrogen concentration: — 0 - 40at.% morphology: — very smooth — [0012] The dry process of 
the CVD method or vacuum deposition using the plasma-CVD method using glow discharge, the ion 
plating method or the sputtering method, the vacuum deposition using an ion beam or the sputtering 
method, and laser can perform formation of the amorphous carbon hard film on a mold cavity front face 
by using the gas containing carbon, such as a hydrocarbon, alcohol, an acetone, a carbon monoxide, and 
a carbon dioxide, solid graphite (graphite), etc. as the main raw material. 

[0013] For example, it is the approach of plasma CVD making the plasma state the introduced reactant 
gas, making generate activity radical and ion, making perform a chemical reaction under an activity 
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environment, and forming a thin film on a substrate (metal mold) at low temperature, and a pressure is 
about l-100Pa. In this case, the plasma used for plasma CVD can be generated by a direct current (DC), 
the RF (RF), or microwave discharge. 

[0014] When forming the amorphous carbon hard film in a mold cavity front face, membranes are 
formed controlling the various parameters which affect a membranous property. For example, in RF 
plasma CVD, as a parameter which affects a membranous property, RF power, substrate bias, gas supply 
volume, exhaust velocity, gas pressure, the energy of ion, substrate temperature, etc. are mentioned, and 
the amorphous carbon hard film of a desired property can be obtained by forming membranes, 
controlling these parameters. 

[0015] Especially although there is especially no limitation in the thickness of the amorphous carbon 
hard film formed in a mold cavity front face, 0.001-20 micrometers of things set to 1-5 micrometers are 
suitable. When thinner than 0.001 micrometers, unmolding nature (mold-release characteristic) may 
worsen, and the endurance of the hard film may be missing. If thicker than 20 micrometers, it will 
become easy to produce a crack with the internal stress of the hard film. 

[0016] The golf ball molding die of this invention is used for manufacture of the core for a golf ball or 
golf balls, i.e., covering of covering of a two-piece ball or a three-piece ball, manufacture of the core of 
a two-piece ball or a one-piece ball, manufacture of the solid core of a three-piece ball, etc., and can be 
used for both compression molding and injection molding. 
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EXAMPLE 



[Example] Next, although an example shows this invention concretely, this invention is not limited to 
the following example. 

[0018] The golf ball molding-die body made from nickel was manufactured with electroforming, the 
amorphous carbon hard film (DLC film) was formed in the mold cavity front face of this body of metal 
mold with the CVD method, and the golf ball molding die of this invention was obtained. The contents 
of CVD and the description of the obtained amorphous carbon hard film, and a property are shown 
below. 

[0019] The mixed gas of CVD methane and hydrogen was made into material gas, and membranes were 
formed with the CVD method. Substrate (metal mold) temperature was made into 200 degrees C. 
[0020] The description of the amorphous carbon hard film, a property crystal-structure: amorphous 
thickness:3 micrometer consistency: About 2.0 (g/cm3) 

Dynamic friction coefficient muk (load 20gf) k (load 100gf)::0.03 dynamic-friction-coefficient mu0.14 
coefficient-of-static-friction mus (load 20gf) :0.12 coefficient-of-static-friction mus(load 100gf):0.31 
micro Vickers hardness (load lOgf): 1800 (kgf/mm2) 

Abrasion resistance: As a result of performing a SUGA abrasion test in load 800gf, using SiC#600 as 
the abrasive paper, the abrasion loss of the amorphous carbon hard film was about 56% of TiN about 
23% of nickel-Cr plating about 16% of SUS304. 

morphology: - very smooth - chemical-resistantacid, alkali, and an organic solvent - insoluble color: - 
- black [0021] The following shaping was performed using the golf ball molding die of this invention 
produced as mentioned above. 

(a) Covering which uses ionomer resin as a principal component with compression molding at a core 
was covered, and the two-piece ball was manufactured. 

(b) Covering which uses ionomer resin as a principal component with injection molding at a core was 
covered, and the two-piece ball was manufactured. 

(c) Covering which uses balata as a principal component with compression molding at a core was 
covered, and the three-piece ball was manufactured. 

(d) The core of the two-piece ball which uses polybutadiene rubber as a principal component with 
injection molding was manufactured. 

(e) The solid core of the three-piece ball which uses polybutadiene rubber as a principal component with 
injection molding was manufactured. 

[0022] Consequently, unmolding nature good in any case was shown. Moreover, after repeating shaping 
about 100 times, when the condition of the amorphous carbon hard film on the front face of a mold 
cavity was investigated, neither wear nor corrosion was produced but it was checked that the abrasion 
resistance of the amorphous carbon hard film and corrosion resistance are good. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the partial expanded sectional view showing one example of the golf ball molding die 
concerning this invention. 
[Description of Notations] 
2 Body of Metal Mold 

4 Coat Which Consists of Amorphous Carbon Hard Film 
6 Heights for Dimple Formation 
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